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The  Massachusetts  Institute  of  Technology  held  its  first 
meeting  on  April  8,  1862.  By  the  act  of  incorporation,  which 
was  accepted  at  this  meeting,  the  Society  of  Arts  was  created 
as  a  part  of  the  Institute  coordinate  with  the  School  of  Industrial 
Science. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an 
active  interest  in  the  sciences  and  their  practical  applications, 
and  to  aid  generally  in  their  advancement  in  connection  with  the 
arts,  agriculture,  manufactures,  and  commerce.  Regular  meet- 
ings  are   held   semi-monthly  from   October   to   May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  189 1,  and  since  then  has  published  its  proceedings 
and  the  principal  papers  read  at  its  meetings  in  the  Technology 
Quarterly,  The  present  volume  contains  the  proceedings  from 
October,  1896,  to  May,  1897,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest 
to  its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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BY-LAWS. 


Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind  which  they  are  willing  to  contribute  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
which  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided  ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory,  or  machine,  it  will  give  every 
facility  to  those  who  wnsh  to  discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  service  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 
sisting of  the  President  of  the  Institute  and  the  Secretary  of  the 
Society  (who  shall  be  members  ex  officiis)^  and  five  other  members, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.  II.  —  Duties  of  the  Executive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 
duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 
fix  his  compensation  when  the  interests  of  the  Society  require  that 

•  •  • 
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vi  By-Laws, 

A  member  neglecting  to  pay  his  annual  assessment  for  six  months 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year ;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

Sect.  VII.  —  Election  of  the  Executive  Committee  and  of 

THE  Secretary. 

1.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  five  shall  be  chosen,  who.se  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed  copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
filled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 
or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reeligible  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compen.sation  of  the  Secretary  shall  be  fixed  from  year  to 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  of  Arts. 

I.  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions, under  the  following  heads,  according  to  the  taste  or  preference  of 


By-Laws.  vii 

the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains  : 

(1)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals. 

(2)  On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
vation of  Food. 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(11)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs. 

(13)  On  the  Graphic  and  Fine  Arts. 

(14)  On  Ordnance,  PMrearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  elect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings ;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sect.   IX.  —  Am?:ndmext  and  Repeal. 

I.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three  fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society ;  provided  that  such  changes  shall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of    the    Corporation    (see    extract    from    By-Laws    of    Corporation    as 


viii  By-Laws, 

printed  below)  and    presented  in  writing  at  a  preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  effect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed. 

As  amended  December  p,  iSgy, 

Extract  from  the  By-Laws  of  the  Corporation. 

Sect.  VI. — There  shall  be  a  Committee  on  the  Society  of  Arts 
consisting  of  five  members,  appointed  at  the  annual  meeting  of  the 
Corporation,  to  hold  office  for  one  year,  who  shall  have  the  general 
charge  and  supervision  of  the  organization  and  proceedings  of  the 
Society,  subject  to  the  approval  of  the  Corporation.  It  shall  be  their 
duty,  in  connection  with  a  committee  chosen  by  the  Society,  to  frame 
By-Laws  for  the  government  of  the  Society,  which  shall  take  effect 
when  adopted  by  the  Society  and  approved  by  the  Corporation. 

February y  i8g4. 
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December,    i  897. 


Members  are  requested  to  inform  the  Secretary  of  any  change  of  address. 


LIFE    MEMBERS. 
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Atkinson,  Edward 31  Milk  Street,  Boston,  Mass. 
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Bowditch,  William  1 28  State  Street,  Boston,  Mass. 

Breed,  Francis  W in  Summer  Street,  Boston,  Mass. 

Bullard,  W.  S 3  Commonwealth  Avenue,  Boston,  Mass. 

Cummings,  John 60  Congress  Street,  Boston,  Mass. 
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Davenport,  Henry  ...  59  West  38th  Street,  New  York,  N.  Y. 
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Eastman,  Ambrose 53  State  Street,  Boston,  Mass. 

Endicott,  William,  Jr 32  Beacon  Street,  Boston,  Mass. 

Foster,  John 25  Marlborough  Street,  Boston,  Mass. 

Gaffield,  Thomas 54  Allen  Street,  Boston,  Mass. 
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The  Viscosity  of  Mercury  Vapor.  55 

not  correct ;  for  if  considerable  spaces  existed  between  the  atoms,  it 
is  not  to  be  supposed  that  those  spaces  would  be  the  same  in  entirely 
dissimilar  molecules  —  that,  for  example,  the  space  between  the  hydro- 
gen and  chlorine  atoms  in  hydrochloric  acid  would  have  any  relation 
to  the  space  between  the  atoms  in  the  elementary  gases  hydrogen  and 
chlorine. 

Rogers  Laboratory  op  Physics. 
Stptember,  t8g6. 
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G,  R,  Putnam. 


TABLE  H.  —  Pendulum  Observations  and  Reductions. 
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Section  19.  Example  of  Observations  of  Sun  for  Azimuth  of 
Mark  and  for  Time^  with  Computations,  —  Niantilik,  Cumberland 
Sound,  September  18,  1896,  p.m.  Instrument,  Theodolite  Magnet- 
ometer, No.   19. 


ObjccL 


|8 


Si 
Is' 


Horizontal  Circlb. 


B. 


Mean. 


Vbrtical  Cikclb. 


B. 


Mmul 


Means 

Sim*i 

( first  and  upper  Umb     .    .    . 

SOBI 

( second  and  lower  limb     .    . 

Means 

Sob'i 

\  second  and  lower  limb     .    . 

Son'] 

t  first  and  upper  limb     .    .    . 

Means  ........ 

Asmuth  mark 

Means 

D 
R 


•  •  •  • 
■  •  •  • 


R 
D 


h.  Tti.   s. 


7  39  «o 

40  40 

41  S4 

4a  58 

44  oi 

45  33 


7  4a  ai.5 

7  46  34 

47  33 

48  3« 

51  04 
5a  05 
53  2« 


7  49  51-3 


53  SS 
a33  55 


53 

329  46 

S30  05 
»9 

51  16 
33 
54 


50 

5a  09 

«3 

38 

232  38 
52 

«33  »a 


52 

»33  56 
53  58 

53 


59 
55 


44 
03 
16 

»7 
33 
55 


09 

S4 

38 

36 
50 
09 


55 

58 


58.5 
55.0 


56.8 

45.0 
04.0 

«7-5 

16.5 
33.0 

54-5 


48.4 

09.0 

a3-5 

38.0 

370 
51.0 
10.5 


38  a 

55-5 
58.0 

56.8 


«7  17 
II 

06 

73  33 

39 
46 


16 

73  50 
55 

74  oa 

16  16 
II 

03 


16 


18 
13 
09 

S3 

39 
47 


57 
03 

«7 
13 

07 


'75 
la.o 
07.5 

3S.O 
39.0 
46.5 


46.4 

50.5 

56.0 
oa.5 

16.5 
la.o 
05.0 


07.4 
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Obsxrvattons  op  Oscillatioms. 
Date,  July  ii,  18961    Station,  Sydney,  Nova  Scotia.    Instrument,  Magnometer  19.    Mag> 

s 

net,  19L.    Chronometer,  1823  (sidereal)  daily  rate  235.0  gaining  on  mean  time. 


Number 

of 

otdUatioiu. 

Chronometer 
time. 

Temperature 

Extreme  acale  readings. 

Time  of 

h.     m.       ■. 

oc,. 

m.     s. 

0 

9     fi      5*3 

«3-7 

»a.9 

37.a 

Right     .    .    .  < 

10 

39      44.6 

•  •  •  • 

>o 

30      37* 

•  •  •  • 

31 

s«     34.7 

•  •  «  • 

Left  .    .    .    .  • 

4« 

32      »7.o 

•  •  •  • 

5» 

33       «9-4 

•  •  »  ■ 

r  100 

9      37      36.6 

8      44.S 

Right     .    .    .110 

38      29.0 

.... 

44-4 

lao 

39      »«.« 



43*9 

«3' 

40       19.0 

•  •  •  ■ 

44.3 

Left  .    .    .    .  H 

«4i 

41       11.5 

.... 

44.5 

.»5» 

4a       03.7 

i8.a 

a4.9 

34-1 

44-3 

(loh.  14  m.  A 

.M.)  Means. 

ai.o 

24- 

36. 

8      44.a8 

Determination  of  coefficient  of  torsion.    Value  of  one  scale  div'n  =:  a'.o. 


Torsion  circle. 

Scale. 

Mean. 

Differences. 

Logarithms. 

330 

a4.9 

34.» 

«9-5o 

1.50 

t 
9  =  3.4 

540o'  +  r' 

3-73»67 

60 

a4.o 

38.0 

31.00 

23.0 

3a.o 

37.50 

3.50 

5400  (ar.  CO.) 

6.26761 

a4o 

330 

aa.s 

36.0 

39.35 

»-75 

•*f 

0.00008 

Mean  v  = 

1.69 
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Computation. 
r«=r'«(i+^)  (i-(/'-/)f)(i +*;50 

where  the  quantitiea  in  the  p«rentheMs  are  reipectiTely  the  tonion,  tempenture,  and  induction  correctioiis,  and 

r  b  th«  corrected  time  of  oedllaiion. 

s. 
Obaerred  time  of  too  oodllationa =       5a4->8 

Time  of  one  oedllation =       5*M>S 

Correction  for  rata =  —    .0143 

Correction  for  arc =         .0000 

7"  =        5.aa85 


.00049 
21.0  —  20.4  =  4-0.6 

T' 

-^ 

.-(/'-/)f 
x-\-kH 

(ar.  CO.)  r« 

M 

mH 
m 
H 

Logarithms. 

0.71838 

1/--/)^ 

+  .00039 

1.43676 

«-(/'-/)f 

0.99971 

0.00038 

999987 
0.00084 

mH-  ^^ 

r* 

« -43775 

where  m  =  magnetic  moment  of  magnet 

H  —  horiiontal  force  of  earth's  magnetism 
if  =  moment  of  inertia  of  magnet 

8.56235 
0.99430 

3.35145 

T  —  time  of  oedllation. 

1.80800 

iw  =  41  (.a  (at  22.3  °C  ) 

3.61836 

/^=o.i548 

■-r 

9.18974 

Obserrations  of  deflections. 


tDate,  July  11.    Hour,  loh.  36  m.  a.m. 
Temperature  /  =  ss^'.sC. 


3.4^852 
1.80800 


5.23653 
2.61826 
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ues  of  r,  tfe  and  a^  are  obtained,  the  corrections  Cc  and  Aa  are  applied 
to  each  star  separately,  and  the  chronometer  corrections  (AT')  and  re- 
siduals (y)  derived.  The  mean  of  the  former  is  taken  as  the  final  chro- 
nometer correction  at  the  epoch  of  the  mean  of  the  right  ascensions. 


TABLE  O.  —  Star  List  for  Observing,  and  Star  Factors  for  Computation,  for 

Umanak,  Grkenland.    Latitude,  (0)  =  70°  40^  N. 


1 

«r 

a 

•0 

e 

5  1 

0 
N 

• 

Star  Factors. 

1     . 

§^l  II 

i    8 

Star. 

J 

s 

\ 

1 

p 

c 

■in 

VS.  u 

3^ 

•0 

e  Cygni  .    .    . 
70  Draco. 
V  Cygni  .    .    • 
61  Cygni  pr. 
C  Cygni  .    .    . 
r  Cygni  .    .    . 
a  Cephei     .    , 

I   H.  Draco.    . 

(Sob-polar) 

• 

a.6 
6.0 
4.0 

$•7 
3.0 
4.0 
a.6 
4.5 

h.    in.     s. 
ao    4a    04 

50    II 

53    ai 
ai    oa     17 
08    34 
10    4a 
16    09 
aa     16 

0       ' 
33    35 

8a    09 
40    46 
38     14 
a9    48 
37    36 
6a    09 

98     13 

0       ' 
+37    05 

— II     a9 

+«9    54 
+32    a6 
+40    5» 
+33    04 
+  8    31 
— »7    33 

+  .7« 
-1.46 
H-  .66 
+  .68 
+  .76 
+  .69 
+  .3« 
+3.a4 

i.ao 
7.3a 
1.3a 
i.aS 

«i5 
i.a7 

a.14 
—7.00 

•95 
7.17 
1. 15 
1.07 
.87 
1.06 
a.ia 
— 6.ao 

8. 
— .01 

—  OS 
— .01 
— .01 
— .01 
—.01 
—.01 
+.05 
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Section  24.  Example  of  Pendulum  Observations,  —  Umanak,  Green- 
land, August  10,  1896.  Swing  No.  5.  Pendulum  A  6,  reversed  on 
knife-edge  I. 


CoiNaDBNCBS  Obsbrvbd 

• 

< 

• 

e 

1 

Dummy  ther- 
mometer. 

• 

Chronometer  1,843. 

Chronometer  177. 

11 

< 

h. 

m.     s. 

h. 

m.    s. 

«>c. 

oc 

Up      I 

01     17 

Down  12 

59    35 

4.5  nun. -—53' 

67.3 

11.05 

lass 

Down  I 

04    18 

Up        1 

oa     33 

• 

Up      1 

07    17 

Down    I 

05    31 

Down  I 

10    16 

Up         I 

oS    28 

Downs 

30    41 

Up         8 

a8    50 

Up       8 

33     39 

Down    8 

3«     44 

Down  8 

36    37 

Up        8 

34    4a 

Up       8 

39    35 

Down    8 

37     38 

1.6  mm.  =  19' 

68.7 

10.6 

ia6 

Intenral  from  down  coind- 
deuces 

7 

3a     19 

7 

3»    07 

Means  .    .    . 

6S.0 

10.83 

Interval   from  up   coinci- 
dences      

7 

32     18 

7 

32     09 

Reduction  to  ] 
o^C.    .    .   J 

—a- 5 

65.5 

— O.I3     1 
10.70 

Thenao 
correctioo. 

Mean  intenrsl      .... 

7 

3a     18 

7 

33     08 

27138  s. 

= 

37138  s. 

Approximate  time  of  two 
coincidence  intervals 

8. 

357-5 

8. 

3  54.  a 

Number  of  coincidence 
intervals 

»5» 

«54 

Time  in  one  coincidence 
interval 

i78'"54 

s. 

176.16 

The  balance  of  the  computation  is  summarized  in  the  tables  of  results  (H). 
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CTENTTFIC    WORK  OF  THE   BOSTON  PARTY  ON   THE 
SIXTH  PEARY  EXPEDITION   TO    GREENLAND. 

Ieport  B.     Glacial   Observations  in  the  Umanak   District, 

Greenland. 
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Read  November  la,  1896. 
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IT  cenlimeler  0.19  ohm. 


FivCMjhm  coil. 
No.  18  B.  &  S.  gage  Gerij 
Dlameier  of  coil  2.2  centi 
Registance  per  linfir  cent 
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t  from  the  coil  in  the  bilan 


Kesiiuiice  list  linear 


Some  Data  on  the  Heating  Error  in  Resistance  Coils. 
Plot  IX. 


HtATIHt  ei/feMT 

Two  hundred  ohm  coil. 
No.  23  II.  &  S.  siigt  German  silver  wire. 
Diametet  of  coil  l.6ceiilimetcr$. 
Retistance  per  linear  centimeter  27  obma. 


Five  hundred  ohm  coil. 
No.  30  U.  &  S.  sage  German  silver  wire. 
Diameter  of  cot!  l.S  centimeters. 
Resistance  per  linear  centimeter  67  ohms. 
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Plot  XIII. 


Ten  thousand  ohm  co 
No.  34  H.  S:  S.  KSge  *■' 
Diamelcr  of  coil  1.7  c 
Resistance  \.a  linear 

Plot  XV. 


Standard  Ohm  C.  L..  No.  105. 
(Coil  in  flattcticil  receptacle,  teitcd  in  cooling  bath.) 
Rogers  Laboratory  of  Pirvsics, 
Massachusetts  Institute  of  Techhologv. 

Jamiary.  iSgy. 
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CAST  IRON   WATER   PIPE. 
Summary  of  Tests. 
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Ins. 

40 
4* 

43 

»9 

4'» 

3^1 

36f 
36 

'1 
35t 

37 

36 

361 

39f 

4>f 

4oi 

34t 

2lt 

aol 

21I 
22* 
aii 

211 

241 

36J 

3*^1 

25 

34 
34 


a 

8 

M 


< 


Ins. 

•54 
.6a 

•54 

1.14 

.61 

.69 

.64 

•79 
.80 

.75 
.82 

:U 

.90 

.87 

.90 

1.1$ 

•49 

.48 

•59 
.50 

.63 

.49 

•59 

•49 
.6a 

1.46 
1.07 
1.43 
1.25 


1 

E 

9 


Lbs. 
19,000 
25,000 

aa,5oo 

18,100 

24,300 

33,500 

41,000 

35.000 
35.700 
35.300 
28,500 
38,100 
40,000 
33,800 
30,700 
33.600 
36.300 
26,500 
27.700 
20,500 

37.900 
35,800 
30,100 
27,000 
21,900 

38,700 

40,300 

25,800 
24,300 
33,300 

34,500 


1^ 


o 


E 

3 


•3 


1.5  SS 


Lbs.  persq.  in. 
12,800 
14,600 

14,500 

17,800 

14,600 

« 7.900 

ai,6oo 

19,600 
19,700 
33,300 
17,800 
18,300 
36,300 
19,600 
i8,aoo 
19,200 
18,700 
25.S00 
26,000 
20.300 
33.700 
33.000 
22,600 
26,000 
16,200 

3t,6oo 
18,300 

17,900 
17,300 

18,200 

17,000 


Remarks. 


Broke 
Broke 

Break 
Spigot 
Break 
Spigot 
Broke 
Spigot 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
Broke 
( Spigot 
I  Broke 
i  Spigot 
\  Broke 
I  Spigot 
)  Broke 
Broke 
Spigot 
Krf)ke 
.Spigot 
Broke 


at  A  and  A'. 

at  A  and  A'. 

end. 

at  A'. 

started  at  A. 

end. 

surted  at  A'. 

end. 

at  A. 

end. 

at  A'. 

at  A. 

at  A'. 

at  A'. 

at  A. 

at  A'. 

at  A'. 

at  A'. 

at  A. 

at  A. 

at  A. 

at  A. 

at  A. 

at  A  and  B. 

at  A*. 

at  A'. 

at  A'. 

at  A. 

at  A. 

end. 

at  A'. 

end. 

at  B. 

end. 

at  A. 

at  A. 

end. 

at  A. 

end. 

at  A'. 


In  tests  Nos.  1,  2.  3,  4,  5,  6,  28  the  load  was  applied  on  a  space  of  15"  in  the  middU  of  the  length  <.f  the  pipes. 

In  remaining  tests  the  bad  was  applied  on  the  entire  length  of  the  specimens.  In  all  of  the  tests  the  lr>ads 
were  applied  to  the  specimens  through  iron  platforms.  As  these  platforms  were  rigid,  the  load  was  ap:>Ued  along 
ao  element. 


€f  Taa  Mmde  m  tke 


LmboraUnies. 


M».l 


Tig.  4a  DiA<:;ijLii5  or  cast  iftO!c  « 
SECTTOflis.  Tae  arrive  —■■•f-.-i**  ti 
ex^  the  (^aaesers  s^:c  v*k^  rh^ 


t4a2 


T&AJCSTIXSE   AXD   LOXGirUDINAL 

of  presssre :  the  letters  A  A\B  B\ 


y<X4.    TEST   OX   CAST   IRON   WATER   PIPE. 

March  14.  1597. 


Ti 

r>cc3rK>&. 

LSMCTH. 

E=«£  Xo.  : 

• 

Ead  Xo.  1.        End  No.  1. 

A     .    .     .    . 

I.JC 

■ 

2q' 

B     .    .    .    . 

. 

:.:2 

AA    .     .     . 

■        «         *         • 

4*  06                   4S.13 

C     .    .    .    . 

• 

. 

D    .    . 

:  >; 

BB'        .     . 

-         •         •         ■ 

4I19                  4S.19 

A'   .     . 

1  12 

. 

B-    .     . 

. 

I   :t 

C    -    -    .    . 

•        • 

1:4 

1 

D'  .    . 

-    • 

I. :: 

1 

Deflectiox  Measurements. 


End 

Xo.  I. 

End 

No.  2. 

AvmKACK  Di 

FrXRKNCK. 

LOAIML 

AA'. 

BB. 

CC 

DD. 

-or 

AA. 

BB. 

CC. 

DD. 

go 

AA*. 

BB. 

CC. 

DD. 

0 

I.  >"< 

1  00 

.<v« 

.'JO 

.96 

•go 

■  •  •  ■ 

•  •  • 

■  •  •  ■ 

5.000 

"  ■  1 

1.24 

I  01 

I.OI 

.67 

1.31 

I  05 

1.03 

— .220 

-a45 

.045 

.040 

10,000 

.60 

1.5:) 

1.03 

1.03 

.44 

I.4J 

1.05 

1.04 

—.250 

-*35 

.010 

.015 

15,000 

.2'J 

I.V> 

I.iA 

1.04 

•  Ok,   ; 

1  74 

1.0^ 

.     1.05 

—•345 

.310 

.035 

.010 

iS.IOO 

Maximum  load.     Cracked  along 

A  A'. 

Size  of  pipe 4S"  Maximum  outside  fiber  stres»  calculated 

A  veni);e  inside  diameter 4$.  14'              from  maximum  load,  assuming  each 

Avera;:e  lenj^th 29"             half  of  pipe  as  a  beam  fixed  at  the 

JVverage  thickness 114"              ends ij.Soolbs. 

REMARKS. 

Spigot  end. 

Load  applied  on  space  of  15"  along  center  of  length. 

Lip  on  End  No.  2  about  J"  wide  and  x\"  thick. 

Nick  at  C  End  No.  i.     Length  at  nick  a8".     Length  at  A' A'  29". 


Cast  Iron    Water  Pipe. 


337 


No.  8.    TEST  ON  CAST  IRON   WATER   PIPE. 

March  i8,   1897. 


Thicknsss. 

Insidb  Diambtsr. 

LiNCTII. 

End  No.  I. 

End  No.  3. 

A 

B 

A' 

B' 

.75 

.87 

•74 
•73 
.83 
.81 

16.00" 

36" 

•  •  •  • 

•  •  •  • 

•  •  •  ■ 

Deflection  Measurements. 


End  No.  i. 

End  No.  3. 

AVSRAGS  DiPPBKBNCS. 

Loads. 

AA'. 

BB'. 

AA'. 

BB'. 

AA'. 

BB'. 

0 

16).  70 

16.68 

16.60 

17.14 

■  •  •  • 

S,ooo 

16.67 

16.71 

16.60 

17.13 

—.015 

.010 

10,000 

16.66 

16.73 

16.58 

17.15 

—.015 

.030 

15,000 

16.65 

16.76 

16.56 

17.17 

—.015 

.035 

aOfOoo 

16.60 

16.79 

16.54 

17.20 

—.03$ 

.030 

25,000 

16.58 

16.81 

16.51 

17.30 

—.035 

.010 

jo,ooo 

1655 

16.83 

16.47 

17.23 

—.035 

.035 

35,000 


Maximum  load. 


Break  started  at  A,  End  No.  1,  cracked  nearly  whole  length  of  pipe. 
Second  break  started  at  A' A'  and  B'B'  simultaneously. 


Size  of  pipe 16" 

Average  inside  diameter 16.00" 

Average  Irngth 36" 

Average  thickness .79" 


Maximum  outside  fiber  stress  calculated 
from  maximum  load,  assuming  each 
half  of  pipe  as  a  beam  fixed  at  the   . 
ends 19,600  lbs. 


REMARKS. 
Load  applied  along  whole  length  of  specimen. 


Cast  Iron   Water  Pipe, 
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No.  10.    TEST  ON  CAST  IRON  WATER   PIPE. 

March  20,  1897. 


A 

B 
A' 

B' 


Tmicknbss. 


End  No.  I. 


•7» 
•7a 
.77 
.81 


End  No.  2. 


•75 
.74 


AA' 

BB' 


Insidb  Diamktbr. 


End  No.  I. 


16. 1 1 
16.03 


End  No.  3. 


16.08 
16.03 


Length. 


3Si 


It 


35.300 


Deflection  Measurements. 


End  No.  i. 

End  No.  3. 

AVBRAGB  DiFFBRBNCB. 

Loads. 

AA'. 

BB'. 

AA'. 

BB'. 

AA'. 

BB'. 

0 

16.74 

17.00 

16.74 

16.44 

•  •  •  • 

5.000 

16.73 

17  03 

16.73 

16.48 

—.CIS 

.030 

10,000 

16.70 

17.05 

16.68 

16.50 

—.035 

.035 

15,000 

1666 

17.10 

16.65 

16.54 

—  035 

.045 

30,000 

1663 

17.13 

16.63 

16.56 

—  035 

.030 

35,000 

16.60 

17.14 

16.60 

16.59 

— .030 

.035 

30,000 

16.56 

17.18 

16.56 

t6.6i 

— .040 

.030 

Maximum  load.     Broke  along  A'A';  then  broke  along  AA. 


Size  of  pipe 16" 

Average  inside  diameter 16.06" 

Average  length 35)" 

Average  thickneu .75" 


Maximum  outside  fiber  stress  calculated 
from  maximum  load,  assuming  each 
half  of  pipe  as  a  beam  fixed  at  the 
ends 32,300  lbs. 


REMARKS. 
Load  ap];>lied  along  whole  length  of  specimen. 


No.  II.    TEST  ON  CAST  IRON   WATER   PIPE. 

March  22,  1897. 


A 

B 
A' 

B' 


Thicknbss. 


End  No. I.! End  No. a. 


.81 

.85 

.83 
.85 


.76 
.84 
.84 
.80 


AA' 

BB' 


Insidb  Diambtbr. 


End  No.  I .  End  No.  3. 


19.89 
19.86 


19.86 
19.89 


Lbngth. 


AA 

BB 

AA' 

BB' 


Deflection  Measurements. 


Loads. 


0 

30.33 

5,000 

20.20 

10,000 

20.17 

15,000 

20.12 

28,500 
18,000 


End  No.  2. 


AVBRAGB   DirrBRBNCB. 


AA'. 


BB'. 


20.40 
20.34 
20.27 
20.14 


20.63 
20.68 
20.74 
20.81 


AA'. 

BB'. 

— .040 
—.050 
— .090 

•  •  • 

.045 
.040 
.060 

I        — , 


Maximum  load. 


Broke  at  AA;  then  broke  at  A' A'. 
Broke  at  BB'  and  BB. 


Site  of  pipe 20" 

Average  inside  diameter 19.88" 

Average  length 37" 

Average  tUacness 82" 


Maximum  outside  fiber  stress  calculated 
from  maximum  load,  assuming  each 
half  of  pipe  as  a  beam  fixed  at  the 
ends i7,8oolbs. 


REMARKS. 
Load  applied  along  whole  length  of  specimen. 


Cast  Iron   Water  Pipe, 
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No.  14.    TEST  ON  CAST  IRON  WATER  PIPE. 

March  25,  1897. 


A 

B 

A' 

B' 


Thickness. 


End  No. I. ,  End  Na  3. 


.87 
.89 

.84 
.99 


% 

•93 
•93 


Insidb  Diambtsk. 


I 


End  No.  I. 


End  No.  3. 


AA' 

BB' 


•        •        •        > 


33.9a 
33.78 


23-84 
33.81 


AA 
BB 

A'A' 
BB' 


Lbmgtm. 


40 


If 


[" 


Deflection  Measurements. 

LoADf. 

;                End  No. 

I. 

End  No.  3. 

AVKRAGK  DiFFBRBNCB. 

AA'. 

1 

BB'. 

AA'. 

BB'. 

AA'. 

BB'. 

0 

5.«» 
10.000 

15,000 

1         24.94 

1         24.93 

34.90 

,         34.86 

24.52 
24.54 
24.57 
34.63 

24.87 
24.83 
34.76 

34.69 

34.72 
24.78 
24.83 
24.89 

—.035 
—.050 
—.055 

•  •  •  • 

.040 
.040 
.055 

33.800 

20,000 


Maximum  load. 


Broke  on  A'A' ;  next  broke  on  A  A. 
Broke  on  BB  and  B'h'. 


Size  of  pipe 34"  Maximum  outside  fiber  stress  calculated 

Average  inside  diameter 23. 8^"             from  maximum  load,  assuming  each 

Average  len((th i^r              half  of  pipe  as  a  beam  fixed  at  the 

Average  thickness .90''             ends i9,6oolbs. 

REMARKS. 
Load  applied  along  whole  length  of  specimen. 


No.  15.    TEST  ON  CAST  IRON   WATER  PIPE. 

March  26,  1897. 


A 

B 
A' 

B' 


TniCKNSss. 


I 
End  No.  I . ,  End  No.  2. 


Insidb  Diambtbr. 


End  No. I. 


.83 
.84 
.86 
.88 


AA' 

BB' 


33.84 
23.95 


End  No.  3. 


2398 
34.03 


AA 
BB 
A'A' 

BB' 


Lbkgtk. 


j:l 


Jlr 


LOAI>S. 


o 

5,000 

10.000 

15,000 

30,000 

30. 700 
28,400 
20,800 


Deflection  Measurements. 


End  No.  i. 


AA'. 


24.74 
24.71 
24.67 
2463 
24.57 


Maximum  load. 


BB'. 


24.69 
24.72 
24.76 
24.81 
24.87 


End  No.  2. 


AA'. 


2463 
24.56 
24.50 
24.43 
24  35 


BB'. 


24.58 
24.64 
34.70 
34.76 
34.84 


AVKRAGB   DlFrSRBNCB. 


AA'. 


— .050 
— .050 

—•055 

— .070 


BB'. 


.045 
.050 
.055 
•070 


Broke  at  A  A.  beginning  at  End  No.  i. 

Broke  at  A'A'. 

Broke  at  BB  and  B'B'. 


Size  of  pipe 


It 


Maximum  outside  fiber  stress  calculated 


Average  inside  diameter 23.95"  from  maximum  load,  assuming  each 

Average  length 41I"  *-"    '    ' •  ^      .     .   .. 


Avenge  thickness    . 


half  of  pipe  as  a  beam  fixed  at  the 

87"  ends i8,20olbs. 

REMARKS. 
Load  applied  along  whole  length  of  specimen. 


Cast  Iron    Water  Pipe, 
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No.  28.    TEST  ON  CAST  IRON   WATER  PIPE. 

April  15,  1897. 


A  , 

B 

C 

D  . 

A'. 

B', 

C. 

D' 


Thickness. 


End  No.  I. 


•37 
•43 
.40 

.48 

•52 
.50 

•5» 
.45 


AA' 

BB'. 

CC 

DD' 


Insiob  Diambtkr. 

Lbngth. 

End  No.  I. 

End  No.  2. 

1 
AA 1        25I" 

48.08 

48.04 

BB  .     . 
CC   . 

Jt»" 

47.86 

47.77 

DD  . 
AA' 

%■ 

48.03 

47  9« 

BB' 
CC 

n.: 

47.9* 

47.97 

DD' 

«5" 

Deflection  Measurements. 


Loads. 


AA'. 


o 

5,000 

10,000 

15,000 

25,800 
aa,8oo 


48.26 
48.11 
47-94 
47.64 


End  No.  i. 


BB'. 


48.15 
48.29 

48.47 
48.64 


Maximum  load. 


CC. 


48.26 
48.27 
48.30 

48.33 


DD'. 


48.10 
48.11 
48.10 
48.11 


AA'. 


48.37 
48.21 
4803 
4786 


End  No.  2. 


BB'. 


48.07 
48.20 
48.39 
48.55 


Broke  at  A  A,  whole  len^;th. 
Br..ke  at  AA'  and  B'B'. 


CC 


48.13 
48.13 
48.16 
48.16 


DD'. 


48.20 
48.21 
48.21 
48.21 


AVBRACB  DirrBXBNCB. 


AA'. 

BB'. 

CC. 

DD'. 

—.160 
—.175 
—.235 

•  •  •  • 

.»35 
.185 

.165 

•  •  •  • 

.005 
.030 
.015 

•  •  •  • 

.010 

— .005 

.005 

Size  of  pipe 48"  Maximum  out»ide  fiber  stress  calculated 

Average  inside  diameter 47-95  '             ivom  maximum  load,  assuming  each 

Average  length 25"             half  of  pipe  as  a  beam  fixed  at  the 

Avenge  thickness 1.46"             ends i7i9oo  Ibt. 

REMARKS. 
Spigot  end. 

Up  on  End  No.  2  about  X'  wide  and  i\'  thick. 

Load  applied  on  space  of  15"  along  center  of  length  of  specimen. 


344      Results  of  Tests  Made  in  the  Engineering  Laboratories, 


No.  29.     TEST  ON   CAST   IRON   WATER   PIPE. 

April  17,  1897. 


A 

B 

A' 

B' 


Thicknbss. 


End  No.  I. 


1.02 
1.05 
1.09 
1.09 


End  No.  2. 


1.04 

1. 13 

1.07 
I. ID 


AA' 

BB' 


Insidb  Dxambtbr. 


End  No.  I. 


36.05 
36.08 


End  No.  a. 


36.00 
36.03 


AA. 

HB  . 

A'A' 
B'B' 


Lbmctn. 


Deflection  Measurements. 


Loads. 


o 

5,000 

10,000 

15,000 

ao,ooo 

24,200 

18,600 

16,300 

8,300 


End  No.  i. 


AA'. 


36.31 
36  22 
36.10 

35  99 
35-84 


Maximum  load. 


BB'. 


36.25 
36.36 

36.43 
36.54 
36.64 


End  No.  2. 


AA'. 


36.23 
36.  »3 
35<)7 
3585 
35  72 


BB'. 


36.25 
36.40 
36.50 
36.64 
36.80 


Broke  on  A  A,  whole  length. 
Broke  on  A'A',  whole  lenjEth. 
Broke  on  BB,  whole  length. 
Broke  on  B'B',  whole  length. 


AVBRAGB  DirFBBBNCB. 


AA'. 


090 
130 

"5 
140 


BB'. 


.130 

•085 

.125 

.130 


Site  of  pipe 36" 

Average  in»ide  diameter 36.05" 

Average  length 34" 

Average  thicknesa 1.07" 


Maximum  outside  fiber  stress  calculated 
from  maximum  load,  assuming  each 
half  of  pips  as  a  beam  fixed  at  the 
ends 17,300  Ibik 


REMARKS. 
Load  applied  along  whole  length  of  specimen. 


Cast  Iron    Water  Pipe. 


34S 


No.  30.     TEST  ON   CAST  IRON   WATER   PIPE. 

April  22,  1897. 


A 

R 

C 

D 

A' 

B' 

C 

D' 


Thick  Nsss. 


End  No.  I. 


1.46 
1.46 
1-47 
J-37 
».34 

I  45 

1. 41 

'•47 


AAV 

BB' 
CC 
DD' 


Inside  Diamstbr. 


End  No.  I.    End  No.  2 


48.14 

47.81 
48.03 

47.83 


48.14 
48.06 
48.14 
48.02 


AA 
BB  . 
CC  . 
DD  . 
AA'. 
BB'  . 
CC  . 
DD' 


Lbngtm. 


»'♦' 

j»I: 


3a 
3 

32 , 

3'i 


Deflection  Measurements. 


Loads. 


AA'. 


li} 


o 

o 

5,000 

10,000 

15,000 

3a. 300 
a7.9oo  i 


48.44 
48.41 

48.31 
48.19 
48.04 


End  No.  i. 


48.22 
4828 
48.36 
48.47 
48.57 


Maximum  load. 


CC. 


4838 
48.37 
48.38 
48.38 


Broke  on  A  A. 

Broke  on  CC  and  CC. 


End  No.  2. 


BB'.    i    CC.        DD'. 


48.02 
48.07 
48.20 
48.31 
48.43 


48.24 
I    48.25 

4«.24 
I    48.24 


I 


I  4*^.22 

I  4824 

I  4825 

I  48.24 


I 

I  AVSR^GB   DiPFBRBNCB. 


.035  .055 

.125  .105 

.125  I    .110 

.145  I    .110 


000 
000 
000 


.010 

.005 

-.010 


(Break  at  CC  'about  6"  way  from  marks,  toward  AA.) 


Size  of  pipe 48"  Maximum  outside  fiber  stress  calculated 

Average  inside  diameter 48.02"  from  maximum  load,  assuming  each 

Average  length 32!"  half  of  pipe  as  a  beam  fixed  at  the 

Average  thickness 1-43"  ends 18,200  lbs. 

REMARKS. 
Spigot  end. 

Lip  on  End  No.  2  about  i"  wide  and  i]"  thick. 
Load  applied  along  whole  length  of  specimen, 
(i)  Pipe  resting  on  B'B'. 
(2)  Pipe  suspended  from  BB. 


34^      Results  of  Tests  Made  in  the  Engineering  Laboratories, 


No.  31.    TEST  ON  CAST  IRON   WATER   PIPE. 

April  27,  1897. 


Thickness. 

Insids  Diamktbr. 

LSNCTH. 

End  No.  I. 

End  No.  I. 

End  No.  a. 

A 

B 

D 

A' 

B' 

D' 

1.28 
1.22 
1.20 
1.13 
I  33 
»  34 

AA' 

BB' 

CC 

DD' 

47.84 
4778 
47.83 
4784 

47.95 
48.05 

47-97 
47-97 

AA 

BB 

CC 

DD 

AA' 

BB 

CC 

DD'      .... 

II 
I" 

Deflection  Measurements. 


Loads. 

End 

No.  I. 

End  No.  a. 

AVKKACS  DimUtBNCS. 

AA'. 

BB'. 

CC. 

DD'. 

AA'. 

BB'. 

CC. 

DD'. 

AA'. 

BB'. 

CC. 

DD'. 

<i)       0 

<a)       0 

Sfooo 
10,000 

15,000 

48.19 
48.16 

4799 
4782 
47.60 

48.07 
48  10 

48.24 
48.40 

48.57 

48.19 
48.18 
48. 18 
48.18 
48.18 

4S09 
48.08 
48.08 
4808 
48.07 

4840 

48.37 
48.25 

48.07 

48.85 

48.30 
48.36 
48.50 
48.64 
48.81 

48.33 

48.34 

4835 
48.36 

48-37 

4824 
48.25 
48.24 
48.24 
48.27 

— .030 

— -M5 
— •<75 
— .220 

•  •  •  • 

.045 
.140 
.150 
.170 

.000 

—.005 

.000 

.000 

■  •  •  • 

.000 
.005 
.005 
.005 

34,500 

20,300 


Maximum  load. 


Broke  on  A' A'  through  whole  length. 
Broke  on  A  A. 


Size  of  pipe 48"  Maximum  outside  fiber  stress  calculated 

Average  inside  diameter 47  90"             fro..i  maximum  load,  assuming  each 

Average  length 34"             half  of  pipe  as  a  beam  fixed  at  the 

Average  thickness i-'S"             dds 17,000  lbs. 

REMARKS. 

Spigot  end. 

Lip  on  End  No.  2  about  i"  wide  and  i|"  thick. 
Load  applied  along  whole  length  of  spedmen. 
(i)  Resting  on  B'B'. 
(2)  Suspended  from  BB. 


Cast  Iron   Water  Pipe, 
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SUMMARY  OF  TRANSVERSE  TESTS  ON   BARS  CUT  FROM   CAST  IRON 

WATER   PIPE. 


•a 

re. 

• 

9 

3 

m 

• 

a 

I 

•8 

1 
a 

3 

ion  atnu 
load. 

e 

•8 
6 

• 

3 

i 

1 

1 

Ib 

3 
1 

2 

> 

Q 

a 

Q 

2 

Int. 

Int. 

Ins. 

Lba. 

Ina. 

Lba.  per  aq.  in. 

1 

»-99 

.50 

20 

570 

.370 

34.400 

1 

2.00 

•5° 

20 

635 

.443 

38,100 

a 

a. 00 

.48 

20 

62$ 

•440 

40,700 

a 

1.99 

.50 

20 

655 

.  .518 

39,500 

S 

a.oi 

•57 

20 

720 

•345 

33,«oo 

3 

1-99 

.56 

20 

85s 

■470 

40.500 

4 

2.02 

1.08 

'4 

2.035 

.305 

31,100 

5 

2.02 

56 

20 

700 

.520 

3  J,  100 

5 

1.99 

•51 

20 

710 

•503 

41,200 

6 

2.01 

.73 

24 

1,170 

•594 

39.300 

7 

2.00 

.62 

20 

975 

.538 

38,100 

8 

2.00 

•79 

24 

«.3»5 

538 

37,900 

8 

2.00 

•79 

20 

1,665 

•420 

39,900 

9 

a.of 

.7« 

24 

1,110 

.610 

39.400 

9 

2.01 

•7« 

20 

i,n5 

•395 

33.000 

to 

2.01 

.74 

24 

«.35o 

.680 

44.200 

lO 

2.00 

.73 

20 

i,5'o 

.485 

42,500 

II 

2.01 

.76 

24 

1,205 

.580 

37,400 

II 

2.00 

•73 

20 

1,250 

.360 

35,200 

la 

2.01 

•90 

24 

«.352 

.340 

29,900 

la 

2.00 

.87 

20 

».655 

.270 

32.800 

>3 

2.0a 

■7« 

24 

».455 

•5»5 

5«.40o 

»J 

2.00 

.74 

20 

1,650 

•43 « 

45,200 

14 

a.oi 

.89 

24 

1.645 

.447 

S7.200 

»4 

2.00 

.86 

20 

1,830 

.296 

37,100 

15 

2.00 

•77 

34 

1.275 

.450 

38,700 

»S 

2.00 

.81 

20 

1.810 

.348 

4«,400 

16 

2.02 

.QI 

24 

1.644 

•442 

37,500 

16 

2.00 

.88 

20 

1.785 

.305 

34.600 

»7 

2.01 

i.ti 

24 

2,272 

•395 

33,000 

17 

2.00 

«-i3 

20 

2,745 

.285 

32,200 

18 

2. 01 

.56 

20 

770 

.619 

36,600 

«9 

2.01 

.61 

20 

930 

•  •  •  • 

37.300 

ao 

2.00 

50 

20 

Jl5 

.460 

38,700 

21 

2  00 

•59 

20 

880 

•540 

37.900 

32 

2.01 

•5' 

20 

735 

.640 

42,200 

a3 

2  Of 

•71 

20 

1,240 

.560 

36,700 

»4 

2.00 

•53 

20 

725 

.482 

38,700 

»5 

2.01 

.64 

20 

1,020 

•549 

37,200 

26 

2.01 

.50 

20 

595 

.670 

35.500 

26 

2  00 

.46 

20 

560 

•783 

39,700 

27 

2.02 

.56 

20 

600 

.360 

28,400 

»7 

2.02 

•55 

20 

660 

.410 

32,400 

23 

2.00 

1.41 

24 

3,685 

•342 

33.400 

29 

2.01 

1. 01 

24 

1,820 

395 

3»,300 

ao 

2.00 

.96 

20 

2,235 

.206 

36,400 

30 

2.03 

»37 

'4 

3,445 

.308 

32,600 

3« 

2.00 

1.24 

24 

2,492 

.244 

29,200 

3« 

2.00 

122 

20 

3,215 

.205 

32,400 

Nr>TB.  —  Theae  bars  were  cut  from  the  broken  specimens  of  the  water  pipe,  the  numbera  incicating  the 
pipes  from  which  the  samples  were  cut 
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<:oMPOsrnoN :  Tension.    VIII  (iii),  248;  IX  (v),  202,  207,  209. 

Torsion.     IX  (v),  219,  2jo. 
Compression  :  Cast  Iron.    VII  (i),  148. 

Portland  cement,  neat.     IX  (v),  198. 

Portland  cement,  sand.     IX  (v),  197. 

Timber  across  the  grain.    IX  (v),  200. 

Wrought  Iron.    VII  (i),  148. 
Condensers:  Wheeler  condenser  tests.     VIII  (ii),  22,  33. 
Davis  Plunger  Pump  Tests.    VIII  (iii),  256. 
Duplex  Pump:  Blake  duplex  pump  tests.    VIII  (ii),  20,  27. 
Ejector  Tests.    VIII  (ii),  19,  24. 
Engine  Tests:  Charlestown.    IX  (vi),  28a 

Chestnut  Hill.    IX  (iv),  72-115. 

Triple  expansion.    IX  (vi),  312. 
Flow  of  Steam  Tests.    VIII  (ii),  20,  28;  VIII  (iii),  254,  255. 
■Galvanized  Iron  Wire:  Tension.    VII  (i),  150,  151. 
-GiESE  Wire:  Tension.    IX  (v),  212,  214-216. 

Hancock  Inspirator  Tests.    VIII  (ii),  21,  34,  35;  VIII  (iii),  258,  259;  IX  (vi),  317. 
Hard  Drawn  Copper  Wire:  Tension.    VII  (i),  153;  VIII  (iii).  251 ;  IX  (v),  212. 
Hemlock:  Hemlock  beam  tests.    VII  (i),  165;  VIII  (iii),  253. 
Horizo.ntal  Belt  Machine  Tests.    VIII  (ii),  21,  29-32;  VIII  (iii),  260. 
Hydraulic  Ram  Tests.    VIII  (ii),  23,  46;  VIII  (iii),  257;  IX  (vi),  320. 
Injectors:  Hancock  inspirator  tests.    VIII  (ii),  21,  34,  35;  VIII  (iii),  258,  259. 

Mack  injector  tests.    VIII  (ii),  21,  33. 
Iron:  Cast  iron  compression.    VII  (i),  148. 

Cast  iron  tension.    VII  (i),  146,  147. 

Wrought  iron  compression.     VII  (i),  148. 

Wrought  iron  pipe  columns.    IX  (v),  1S6-194. 

Wrought  iron  tension.     VII  (i),  141-145;  VIII  (iii),  250;  IX  (v),  202. 

Wrought  iron  torsion.     VII  (i),  154;  VIII  (iii),  252;  IX  (v),  222-227,  232. 
Ix>ngitudinal  Shearing  Tests  of  Timber  Beams.    VII  (i),  173. 
Manii^  Rope:  Tension  tests.     VII  (i),  155,  156;  VIII  (iii),  251 ;  IX  (v),  234. 
Maple  Beams:  Tests  on.     VIII  (iii),  252. 
Norway  Pine  Beams:  Tests  on.     IX  (v),  195. 
Oak:   White  oak  beams.     VII  (i),  167;  VIII  (iii),  252. 

White  oak  columns.     VIII  (iii),  231. 

White  oak  columns,  oak  bolsters.     VIII  (iii),  237,  23S,  244. 
Pelton  Water  Wheel.    IX  (vi),  318. 
Phosphor  Bronze  Wire  :  Tension  tests.    VII  (i),  14S. 
Piano  Wire:  Tension  tests.     IX  (v),  212,  214,  215. 
Pine:  Norway  pine  beams.     IX  (v),  195. 

White  pine  beams.     VII  (i),  166. 

White  pine  beams,  western  kiln-dried.     VII  (i),  165. 

Yellow  pine  be.inis.     VII  (i),  162-164. 

Yellow  pine  columns.     VIII  (iii),  231,  232,  234-236. 
Pulsometer:  Tests  on.     VIII  (ii),  19,  25,  26;  VIII  (iii),  257;  IX  (vi),  308. 
Pi'MPiNG  En(;ines.     (See  engine  tests  ) 
]*17MPS:   Blake  duplex  pumps.     Tests  on.     VIII  (ii),  20,  27. 

Compound  Marsh.     IX.(vi),  321. 

Davis  plunger  pump.    Tests  on.    VIII  (iii),  256;  IX  (vi),  310. 

Hydraulic  ram.    Tests  on.     VIII  (ii),  23.  46;  VIII  (iii),  257  ;  IX  (vi),  320. 
Ram  :  Hydraulic  ram.     VIII  (ii),  23,  46;   VIII  (iii),  257;  IX  (vi),  32a 
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Soft  brass.    IX  (v),  212. 

Soft  copper.    VII  (i),  153;  VIII  (iii).  251. 
Timber:  Compression  of  timber  across  the  grain.    IX  (v),  200. 

Transverse  tests.     (See  beams.) 

Time  tests.    (See  time  tests.) 
TiMK  Tests  of  Timber: 

Spruce  beams.    VII  (i),  16S-170,  172. 

Yellow  pine  beams.    VII  (i),  171. 
Torsion  :  Brass.    IX  (v),  219,  231. 

Composition.    IX  (v),  219,  230. 

Iron.    Refined,  Norway,  Swedish.    VII  (i),  154 ;  VIII  (iii),  252;  IX  (v),  219,  222-227,  232. 

Steel.    VII  (i),  154;  VIII  (iii),  253;  IX  (v),  219-222,  228,  229,  231. 

Wire.     IX  (v),  218. 

Wire,  common  iron.    IX  (v),  218. 

Wire,  spring  brass.     IX  (v),  218. 

Wire,  Bessemer  spring  steel.     IX  (v),  218. 

Wire,  hard  drawn  copper.     IX  (v),  218. 
Transverse  Tests.    (See  beams.) 
Water  Wheel:  Pelton.    IX  (vi),  318. 
Wire:  Tension. 

Annealed  iron.    VII  (i),  151,  152;  IX  (v),  212. 

Common  iron.     IX  (v),  212. 

Bessemer  spring  steel.    IX  (v),  212. 

Bright  iron.    VII  (i),  151,  152. 

Galvanized  iron.    VII  (i),  150,  151. 

Giese.     IX  (v),  212,  214-216. 

Hard  drawn  copper.    VII  (i),  153;  VIII  (iii),  251 ;  IX  (v),  212. 

Phosphor  bronze.     VII  (i),  148. 

Piano.     IX  (v),  212,  214,  215. 

Soft  brass.     IX  (v),  212. 

Soft  copper.     VII  (i),  153;  VIII  (iii),  251. 
Wire:  Torsion. 

Bessemer  spring  steel.    IX  (v),  218. 

Common  iron.     IX  (v),  218. 

Hard  drawn  copper.    IX  (v),  218. 

Spring  brass.     IX  (v),  218. 
"Wrought  Iron:  Tension.    VII  (i),  141-145;  VIII  (iii),  250;  IV  (v),  202. 

Compression.     VII  (i),  148. 

Pipe  columns.     IX  (v). 

Torsion.    VII  (i),  154;  VIII  (iii),  252  ;  IX  (v),  219,  222,  227,  232. 
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Bolted  Joints. 


SUMMARY   OF  TESTS. 


No.  g.    TEST  ON    lUlLTKl)   JOINT.     (Firi-rb  i.) 
Date,  February  15,  iSi)?. 


i 


! 
N  1 


6si<™  I  .tSM  ,  .ISOI  I  .U70  I  -147"  I     't^  !  ■""'>  I  .OSJJ  '■  .OS>"  I  -nsm  ,  -Oil"  1   iojll      ioooa 
Load  dropped  off  for  ai  houn. 


-ow-  1  .04*7 

."♦S7      .04*9 

:;i;!U,. 

..nu 

a  s 

:™J 

;;^^ 

I^n 

ift" 

■"m 

■ 

:,« 

.4BJJ 

.ojt,. 

i.^.iu>     Mulmum 

Pitch  »f  b..tu 
Widlli  of  phie 
MiiiiK'jin  icniioi 


S9,6oo  Lbft.        KffidiDcy  of  }o 


Bolted  Joints, 
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No.  II.    TEST  ON   BOLTED  JOINT.     (Figure  3.) 

Date,  March  3,  1897. 


North  Siub. 

South  Sidb. 

1 

!9 

t 

1 

Top. 
1            2 

Bottom. 
1            a 

• 

1 

Top. 

Bott 

■   i 

om. 

e 

V 

'•J 
\ 

5 

•0 

«    . 

< 

•5      1 
2 

I 

2 

1 
2 

1 

•a 

5.ooi> 

25,HOi> 

45.^*"' 
65/JOO  ' 

.2057 
•3734 

.3«»07 

•3025 

.2655 

.2736 
.2(|04 

.3028 

'    27i3 

.  .27S5 

•  a)39 

.3127 

.2710 
.27.S2 

.2q3S 
.3127 

.26M4 
•»759 

.2«>22 
.3077 

.0075 
.0163 
.0155 

.0972 
.1000 
.0978 
•0997 

.0972 
.1000 
.0976 
.0797 

.1021  ' 
.1041  , 
.1011 
.1030 

! 

.1019 

•  «"3'> 
.1013 

.1030  ' 

.Oi)t;6 

.  I02i> 

•<*)95 
.1014 

•0034 
.0025 

.0019 

.0055 

.0069 
.0087 

.0055 
.01J4 

.can 

Load 

dropped  off  for  ai  hours. 

65,cyK> 

85,fKy> 

105/XK1 

I25,0«HI 

• 

.loqo 

•«435 

•2«73 

•3335 
.4H76 

.1093 
•«43' 
•2173 

•33a5 

.4876 

.iiig 

.1448 
.2159 

•33  »6 
•49<x> 

.Iliq 
.1449 

.2i6a 

•33«<» 
.4900 

.1105 
.1441 
.2167 

•33»i 

.48S8 

•0336 
.0726 

.1154 
.1567 

.3128 
•3«9« 
•3657 
•4633 
.6050 

.3128 
.3»94 
.3657 
.4635 
.6050 

.3148! 
•3204  1 
.3664  1 
.4648  j 
.6100  1 

.3150 
•3203 
.3665 

.464ft 
.6100 

•3138 

3'^ 
.3661 

•439»  , 
•6075  . 

.0060 

■0463 
.0730 
.1684 

.0198 
.0595 

.ocM* 
.1626 

.0409 
.1004 
.1946 
.357a 

i.>4/K«. 

Maxir 

num  loj 

»d. 

■ 

Si/e  of  bolts i|'' 

Pilch  of  bolts 5|'' 

Thicknc&s  of  plate .45" 

Width  of  plate 11.55" 

Area  net  section  of  plate      ....  3.f/>  sq.  in. 
Maximum  tension  per  sq.  in.  on  net 

section  of  plate 49.000  lbs. 

Maximum  shear  per  sq.  in.  on  bolts    .  32,700  lbs. 


Maximum  compression  per  sq.  in.  on 

plate 156,700  lbs. 

Average  thickness  of  plate  in  front  of 

bolts  at  fracture .68" 

Reduction  of  area  net  section  of  plate,  6% 

Average  width  of  bolt  holes  at  fracture,  1.46" 

ATerage  length  of  bolt  holes  at  fracture,  2.23" 

Efficiency  of  joint 55% 
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No.  12.    TEST  ON   BOLTED  JOINT.     (Figure  4.) 

Date,  March  9,  1897. 


North 

SiDK. 

1 
1 

South  Sidb. 

1 

=3 



c 

.    t 

Top. 

Bottom. 

u 

Top. 

Bottom. 

§ 

bC 

V 

. 

- 

c 

—  -    — 



c 

1       £ 

•n 

A 

^m 

Loai 

1             1 
1 

.  lOOly        .1010   1 

1 
.'837 

.'S34 

.1422 

I 

2 

I 

1 

2 

1 

.1719 

2 

!5 

Q 

9 

5,000 

•  »o75 

.1076 

1719 

•  1397 

as.ooo 

■«f>43 

.  1040  1 

.1.H07 

.1803 

•>423 

.0001 

.ii7«^      .1172  ■    .1761 

.1762 

.1466 

.0069 

.0035 

.0035 

45,000 

.IO(X) 

.  1000 

.'73« 

■"^11^ 

.136.^ 

.0054 

.1432      .1432  1   .1995 

•1995 

.i7«3 

.0247 

.0097 

.0132 

55,000 

.oc)66 

.oc^S  : 

.i^)S 

.1693 

.133' 

.003S 

.1591  ,   .15S9      .2149 

.2140 

.1869 

.0156 

.0059 

.0x91 

65,000 

.01^29 

.0926 

.1^48 

.164S 

.128S 

.0043 

.1820      .1827      .2376 

•2377 

.210a 

.0233 

.0095 

.0286 

75,000 

•«>43 

OM^ 

.1655 

.1655 

.1299 

.0011 

.1875      -'S??      .2403 

.2403 

.2139 

•0017 

.0024 

.0310 

Load 

droppc 

A  off  for  3  hours. 

75.0^ 

.0922  :   .0023  1 

.1622 

.1620 

.1272 

. 1928     . 1924 

.2408 

.3410 

.2167 

1 

85,000 

•"935       0';37 

.163.) 

.  if»40 

.1288 

.0016 

.214S     .2150 

.2678 

.2674  . 

.2413 

.0246 

.0131 

.0441 

9S,oo(> 

.  Ii)20       .  lf>i\ 

.17.6 

..71S 

•  »3^N 

.0081 

.2470  1   .247«> 

■2993 

.2989 

.2730 

.0317 

.0199 

.0640 

105,000 

.1^05       .  l2</>   1 

.19.^2 

.i<)S(. 

•  1640 

.0271 

.2883  '   .2879 

•339a 

•3390 

•3'36 

.0406   ! 

•0339 

.0079 

115,000 

.i7<>o      .I7(><J 

.2472 

•  -i\<^) 

.2130 

.IM90 

.3437      •344«      -3937 

•3935 

.3688 

•"552 

.0521 

.1500 

125,000 

•2363      -^345 

.3040 

•3027 

.2693 

.0563  . 

•3995      -39^*0      .4487 

.4480 

.4235 

•0547 

.0555  1 

.2055 

197,700 

Maxin 

lum  loac 

1. 

Size  of  bolts i|" 

Pilch  of  bolts si" 

Thickness  of  plate .45" 

Width  of  plate 11.55" 

Area  net  section  of  plate      ....  3.97  sq.  in. 
Maximum  tension  per  sq.  in.  on  net 

section  of  plnte 49i8oo  lbs. 

Maximum  shear  per  sq.  in.  on  bolts  33>3oo  lbs. 


Maximum  comprt-ssion  per  fq.  in.  on 

plate i6o,Soo  lbs. 

Average  thickness  of  plate  in  front  of 

bolts  at  fracture .68" 

Reduction  of  area  net  section  of  plate,  7% 

Average  width  of  bolt  holes  at  fracture,  i  .45" 

Average  length  of  bolt  holes  at  fracture,  2.27" 

Efficiency  of  joint 56% 
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Wrought  Iron  Pipe  Colutnm. 
WROufiUT  Iron  Pipe  Columns. 

SUMMARY   OK  TESTS.     March,  1896. 


tn.      ,     [n.     I     [.1»     '  Sq.ln.   '      Lbi. 
ftflil  Si       I    Jo.«..         -  -•     ■    --  "-- 

b))|      I       (I        '    iq.Soo 


Ll''_ 


SUMMARY   OK  TESTS.     Octokkr  ami  Novkmhkk.  1S96. 


U'U-  11   III 


Inv     Ft.  llH.  I  1n<.  '  Ll».  '     Ii»,      ,      Lbl.      '  St|.  Ina.l    LtH.    ' 

1..  ,.«w.,  .„j65  yi.o.v.  .       2.,^        
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TORSION   TESTS   ON   HARD   BRASS  WIRE. 
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NoTs.  — This  wire  was  of  the  same  grade  as  that  upon  which  the  tension  testa  were  made.    (See  page  387.) 


TORSION   TESTS   ON  COMPOSITION. 
Proportions:  Copper,  88%  ;  Zinc,  2%;  Tin,  10%.     J"  and  \^  bars. 
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TORSION  TESTS   ON  J''   ROLLED   REFINED  IRON. 
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TORSION   TESTS   ON  COMMON   IRON  WIRE. 

length  of  specimen  between  jaws,  12.0  inches. 
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TORSION   TESTS   ON   COMMON    IRON   WIRE. 
Annealed  at  a  dull  red  heat  for  8  hours.     Length  of  specimen  between  jaws,  12.0". 
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NoTB.  —  This  wire  was  from  same  coil  as  that  from  which  the  tests  at  top  of  page  were  made. 
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TORSION  TESTS  0\  \'  HESSEMER  STEEL  WIRE.  COPPERED   FIXISH. 
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TORSION  TESTS  ON   r-  HESSEMER  STEEL  WIRE.  COPPERED  FINISH. 
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TORSION  TESTS  ON  f  ANNEALED   CAST  STEEL. 
(Usually  known  as  "  Tool  Steel") 
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TENSION   TESTS   ON    REFINED   IRON. 
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NoTBs.  — This  cord  was  made  of  drab  braided  cotton.  It  was  composed  of  twelve  strands,  each  of  nine 
thrcauls,  braided  ov^  a  core  of  ten  threads. 

The  knot  holdings  were  made  over  Proctor  damps,  which  were  2|"  in  diameter.  The  last  four  tests  may  be 
compared  with  similar  ones  upon  rope,  to  show  the  relative  effidency  of  the  knots  us«d. 

The  length  of  cord  between  clamps  was  18". 

All  the  tests  were  made  upon  dry  material 
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Agricultural  Chemistry .  133 

The  Sugar-Beet.  By  H.  W.  Wiley.  Farmers'  BuU.  U.  S. 
Dept.  o/Agr, ,  No,  52, 1-47. — The  paper  is  intended  to  give  concise 
information  in  a  popular  way  on  the  raising  of  sugar-beets,  a 
comparison  of  the,  different  varieties,  and  the  effect  of  climate, 
soil,  fertilizers,  irrigation,  etc.,  on  the  quality  of  the  beets. 
Methods  of  cultivation  and  manufacture,  as  well  as  data  on  the 
cost  are  also  given.  A  number  of  statistical  tables  on  the 
world's  sugar  production  are  added. 
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